This research overviews and iterates on a Spectrum of Audience Interactivity, a tool to help designers and artists consider the dimensions and range of audience interactivity characteristics. Previous research has introduced a spectrum of audience participation in live performances based on children's codesign sessions. We expand on these findings with a review of literature in theater, games, and theme parks paired with expert interviews in those domains. From this work, we present a framework describing the spheres of audience influence, a new spectrum of audience interactivity, and a set of orthogonal spectrum dimensions that collectively describe audience interactivity. We pair our new framework with design considerations for practitioners; interactivity should be thoughtfully designed, should anticipate audience challenges, and can support multiple levels of the audience interactivity.
INTRODUCTION
Interactivity has the power to immerse and empower audiences across various genres and mediums, including theater, music, film, theme parks, and literary entertainment. These mediums differ in terminology, sometimes describing interactive approaches as participatory or immersive, but generally refer to a desired outcome of more fulfilling storytelling experiences. Narratives and storytelling have been evolving constantly and new interactive opportunities for the audience of these narratives have emerged in each medium over time. In Hamlet and the Holodeck, Murray takes a detailed look at storytelling in the digital age, specifically narratives that dealt with alternative storylines or required audience participation. She argues that, in the future, fiction authors would be challenged Paste the appropriate copyright statement here. ACM now supports three different copyright statements: • ACM copyright: ACM holds the copyright on the work. This is the historical approach.
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to create rules for the space of interaction, rather than the narrative itself. These rules would transform the interactor from a merely receptive reader and would instead promote an immersive and reactive storytelling experience [69] .
In pursuit of the dream of the Holodeck, HCI research often produces novel technology to facilitate more immersive modes of interaction, such as virtual reality and gamification. However, these technologies often lead to developing performances to fit the technology, rather than selecting technology to fit the desired audience experience. For instance, a number of entertainment domains have experimented with virtual reality [39, 20, 21] following hearsay about its immersive power, yet the medium has yet to find a mainstream audience, in part because of how it detracts from interaction with observing audiences [49] . Thus, we claim that in addition to new technological tools, the HCI community needs conceptual tools for distinguishing the adoption of fads from the emergence of new means of expression. We must consider how to design experiences that use the affordances of technology to support meaningful interaction.
As one such conceptual tool, we propose a spectrum of audience interactivity to help designers and artists consider the ways in which audiences could interact within different types of performance mediums, and to consider the challenges of those interactions. The goal of this work is a unified account of interactivity across domains that will facilitate communication and collaboration among experts in digital media, theme parks, and theater. To accomplish this goal, we build on prior work [95] , which established a Spectrum of Audience Interactivity with Musical Performances describing the magnitude of influences audiences may have on an entertainment experience. To iterate upon on this work, we interviewed eight expert witnesses across multiple entertainment mediums to assess the original spectrum and conducted a literature review across the domains of theater, theme parks, and games. We conclude with a revised taxonomy, extending the original spectrum to a set of orthogonal dimensions in a parallel coordinate system that can account for multiple related dimensions of interactivity, and be used to compare a variety of performative experiences.
BACKGROUND
We adopt the term transmedia [22, 35] to refer to productions ranging across our target domains. In this section we discuss the phenomenon we wish to taxonomize, which is how storytelling has evolved to incorporate audience interaction, i arXiv:1710.03320v1 [cs.HC] 9 Oct 2017 resulting in more immersive and engaging experiences. We define these terms along the way.
Storytelling
Narratives have been a part of human culture and entertainment throughout history. Even allegedly "passive" narratives have a powerful ability to transport audiences [40] , creating "an experience of cognitive, emotional, and imagery involvement." We follow Zimmerman's definition of narrative [109] , building on Miller et al. [66] defining a narrative to have an initial state, a change in that state, and some insight brought about by that change in state.
Narratives match this definition through many transmedia experiences. Theme parks fulfill this need by creating a fantasy of another place and another time [67, 18] . Theme parks are designed purposely to be isolated, inviting guests to travel [24] , literally transporting themselves to a new place. Guests can leave the real world at the parking lot and gain temporary "citizenship" to a fantasy world [12] . These fantasy worlds escape from the rules and conventions of the outside world [102] ; there are often no clocks [18] nor defined social barriers between guests [8] . We see this model replicated on a smaller scale with live theater performances. With audience-driven interactive theater performances, authors invite audiences into an immersionist world, to interact with the narrative performed as a group, changing the direction of the story. Early examples include The Night of January 16th [76] , in which audience members play the role of a jury in a court room, and Drood [74] , a musical adaptation of a murder mystery in which the audience assists with solving the mystery. Finally, in games, both fantasy and narrative appear as examples of forms of pleasure that can be created by play [80] . Game narratives can be found in several forms, including those that emerge over the course of play and those that explicitly offer the player a role in the story [59] , such as the interactive drama Façade [58] , which demonstrates virtual characters responding to a player-performer.
Audience Interaction
The capability of the audience to alter and transform experiences has been considered on the one hand the empowerment of audience [64] , and on the other the dissolution of the traditional idea of an audiencehood [11] . With the rise of interactive audiences, the role of the audience in a performance has changed. Based upon empirical data provided by questionnaires answered by 6700 players, Yee [108] added an "immersionist" factor of audience response to Bartle's original scheme [5] . Immersion represents the desire of the participant to detach from real life and incorporate themselves into a fantasy world. Immersionists enjoy wandering and exploring, role-playing their characters, or using their characters to try out new personalities. They enjoy being in the company of other immersionists and appreciate being part of a ongoing story. Bartle's later work describes the degree of immersion of the audience member with their character ranging from the avatar at one extreme to a persona at another.
While previous work such as Bartle's has described the varying degrees of audience immersion in a narrative, the levels of interaction between the triad of immersionist, audience, and performers are yet to be thoroughly explored. With this paper, we analyze the interactions between all three parties and present a taxonomy that would enable the designers of immersive experiences to consider the range of audience interactivity available to them, ranging from passive attention to a more active performance.
Engagement and Immersion
A primary goal of audience interact is to support engagement. Engagement refers to the intensity and emotional quality of a user's involvement in an activity; engaged users exhibit positive emotional tone and show sustained behavioral and cognitive task involvement [33] . Brockmyer [10] explains that engagement is often created through immersion, a sense of being surrounded by a completely other reality that takes over the whole of a person's attention and perception [27] .
Several other constructs [38] have been proposed to describe engagement, including immersion and presence. Ermi and Mayra [27] present a multidimensional model of immersion consisting of sensory immersion, overpowering sensory information through large screens and powerful sounds, challengebased immersion, a balance motor or mental skills and abilities, and imaginative immersion, absorption within a fictional narrative and world. The pinnacle of challenge-based immersion has been described as flow [19, 26, 46, 88] , a state of total absorption in a task, which produces confidence and self-esteem and yields optimal performance [27] .
Presence, a 'transportation' effect created through sensory immersion [63] , has been described as another facet of engagement and immersion. McMahan [63] explains that presence closely relates to the phenomenon of distal attribution, the ability to reference perceptions of an externalization space beyond the limits of the sensory organs. Since we perceive the world using multiple senses, immersion is often associated with the high pervasiveness and fidelity of multisensory inputs, such visual, auditory, olfactory and tactile cues [88] .
Entertainment and engagement literature supports the importance of engagement and immersion. For instance, Green et al. have found that narrative transportation can affect persuasion and belief change, as well as enjoyment [40] . Likewise, motivation and decision research demonstrates that effectively integrated judgment, behavior, and feedback cycles interwoven with engagement can lead to increased confidence, persistence, and effort [33] for novice learners. Immersion enhances motivation and creates a feeling of "deep play" that fosters emotional investment [98] .
Previous Efforts To Characterize Audience Interactivity
Previous research has endeavored to characterize interactivity in media experiences. Relatively simple models include Everette's single dimensional scale rating the interactivity of communication technologies [28] , and Rafaeli [75] who classifies media based on responsiveness to audiences. Working with textual narratives, Zimmerman [109] identifies four modes of audience interactivity which complement our goal of broadly describing a taxonomy of interactivity for transmedia;
ii Cognitive Interactivity, -the reader response to and internalization of a narrative; Functional Interactivity-interactions with the physical reality and materiality of a text, such as turning pages; Explicit Interactivity-participation in the narrative flow, making choices, participating in narrative events; and Meta-interactivity-interaction outside the narrative, which includes including the creation, deconstruction and reconstruction of a narrative.
Multiple models of interactivity characterize interactivity by the choices available to the audiences, and how audiences exercise those choices [36, 52, 54, 53] . Steuer expands on Everette's characterization of interactivity with a two dimensional model based on vividness, the ability of a medium to provide a rich mediated environment, and interactivity, the ability of the user to modify vividness of their experience [91] . While Steuer's method is a highly cited as a measure of immersion and engagement, it notably fails to provide explicit criteria for new experiences to be mapped on to his scale [45] . Brenda Laurel's three dimensional model further characterizes interactivity by frequency of interactivity, the range of choices available, and the extent to which choices affect experience [53] , and Goertz introduces a four dimension scale describing interactivity through linearity and degrees, numbers, and modifiability of choice [36, 45] .
In contrast to existing models, this research develops a framework describing the spheres of audience influence, and presents a spectrum of an audience member's influence over their own experience, that of other audience members, performers, and in the larger performance. Our contribution further maps the spectrum to a set of orthogonal dimensions that can be used to compare performance experiences, identify gaps and challenges in interactivity, and to support design goals.
GOALS
The overarching goal of this work is iterate on the original spectrum of interactivity by pairing findings from the initial codesign sessions with a review of literature in theater, games and theme parks, and a series of in-depth expert interviews.
This research:
1. Describes and iterates on the the original spectrum 2. Presents and describes the new spectrum of interactivity and orthogonal dimensions
Offers considerations for practitioners developing interactive performances

METHODS
The following section overviews the methods used to develop and inform the redesign of the spectrum of audience interactivity. First, three codesign sessions lead to the development and description of the original spectrum. To iterate on the design of the spectrum, we chose three domains-theater, games and theme parks.
We then cover a comprehensive review that integrates insight from exiting literature in theater, games, and theme parks, with 
Conceptualizing the Spectrum through Codesign Sessions with Children
The codesign sessions steward a first step toward understanding the many ways in which technology can allow audience members to interact with performance in traditional and new forms. The initial spectrum of interactivity developed organically from three codesign sessions at the University of Maryland [94] . The codesign sessions were structured using Cooperative Inquiry (CI) derived from Participatory Design [23, 41] , and brings together 6-8 child designers and 3-5 adult codesigners as equitable design partners. Session details are described in Striner [94] .
Design Sessions
The goal of the co-design sessions was to preliminarily explore how children could interact with different types of music performances. The first session explored interactivity with a live piano performance, and the second session broadened the co-design context to a variety of instruments and performances. The third session reacted to findings in the first two sessions by considering how different types of interactivity could be described by a cohesive spectrum. In the first session, small groups used a 3D prototyping technique called Bags of Stuff [23] to build low fidelity prototypes of technologies that would interact with a live piano performance using art supplies. The second session expanded the scope of the first session, asking design groups to envision interaction with a music performance, but did not constrain designers to an instrument or venue. This session used the Big Props technique [106] , with iii large stage props that included toy guitars, drums, costume and prop pieces, and art supplies. In contrast to the first two sessions, session 3 first ordered interactivity experiences from least to most interactive in small groups, then designed for the "audience becoming performers" interactivity level as a team using large props from session 2.
Developing the Initial Spectrum
Inspired by the wide range of passive and active interactions observed in sessions 1 and 2, the third design session asked small groups to arrange ideas from previous sessions in order of least to most interactive. The design team was divided into three groups of children and adult designers, each of whom worked together to order audience interactivity from less interactive to more interactive. Groups organized pre-printed types of interactivity that were based on findings from sessions 1 and 2, that included, "audience listens to performers," "audience influences sounds and events during show," "performers change the events for the audience," "adding sounds to performance that only you can hear,", "audience influences the sounds of performers," and "audience becomes performers." Each of the groups had the opportunity to write in additional categories, such as the written in "performance becoming a game" category in figure 1. Each of the groups decided on an order for the degrees of interactivity, and explained their reasoning to the larger team.
Reviewing Spectrum Fit Across Multiple Domains
To validate and expand upon the preliminary findings from the codesign sessions, we considered how well the spectrum reflected audience interactivity across three primary domains: theater performances, games, and theme parks. These domains were chosen as representative of diverse audiences, interaction modalities, and performance spaces. Theater and music performances are primarily physical experiences that occur in dedicated venues, while many games spread out audiences and performers physically and virtually [89, 17] . In conventional theatrical genres audience members are segregated from performers, with feedback curbed to pre-and-post performance clapping and cheering [51] , while more experimental experiences include showings of The Rocky Horror Picture Show, which encourage spontaneous audience participation [57] . Less traditional theater allows audiences to contribute to the performance in a limited form, for instance employing a murder mystery audience to collectively choose a murderer [83] or drive the dialogue [90] . In contrast, games exist in a range of physical and virtual forms, from tabletop games like Dungeons and Dragons that build narrative through a shared fantasy in the players imagination [30] , to video games that immerse players and audiences through graphics, animation, mechanics, and reward structures [98, 89] .
In juxtaposition to both theater and games, theme parks unify heterogeneous performances, games, and rides aimed at different audiences into an overarching group experience. Based on ancient and medieval religious festivals, trade fairs, and traditional amusement parks [67] , themes parks integrate storytelling [12, 82] , simulation, and interactivity [87, 67] through primarily physical experiences. Together, the review of these domains aims to uncover additional insight that can inform iteration on a widely-applicable spectrum of interactivity.
Expert Interviews
We conducted 8 in-depth interviews with experts working on interactivity in theater and music, games, and theme parks. Experts were researchers and practitioners with at least three years of professional or academic experience working on interactivity in their domain, and on average each had approximate 13 years of experience. Each interview lasted approximately one hour. They were asked to describe their background in interactivity, themes and trends they had encountered, challenges in interactivity, and the role of technology in interactivity in their domain. The interviews concluded by asking experts for explicit feedback on the original spectrum: how well they thought the spectrum encapsulated interactivity, whether the levels resonated with their experience, and what they felt was poorly captured by the spectrum. Interviews were transcribed and grouped thematically using qualitative open coding methods [92] . Themes arising from the expert interviews were integrated with literature into the levels of interactivity described in Section .
THE ORIGINAL SPECTRUM
Findings from the CI sessions informed the original Spectrum of Audience Interactivity for musical performances (Figure 2 ). The children's arrangements of ideas in Session 3 informed an initial spectrum. Session data on children's designs (e.g., artifact photos, notes, Big Ideas) were coded into this spectrum, resulting in refined level descriptions and the addition of new levels.
The spectrum is ordered from least to most interactive, left to right. 1) Passive observation is the lowest form of interactivity, followed by 2) personalization of experience, where audience members customize the performance for themselves; although personalization can be highly engaging, it only affects private, rather than group, experience. In 3) reaction to performance, audiences visual, auditory, or physical mediums (e.g., throwing tomatoes) to respond to the performance. In 4) influencing events, audience members impact decisions that happen on stage, such as what genre of music is played or what instruments performers use. Related to 4, in 5) augmenting performance, audiences directly contribute to the performance experience, such as by holding up a lighter during a song. In 6) Augmenting the audience's multisensory experience, performers use additional sensory mechanics to react back to audience feedback, influencing the audience's space using elements like wind, rain, or selection of food. Finally, in 7) becoming performers, audience members take on a comparable roles to performers, or take over the performance altogether. For instance, an audience member might join performers in a drum circle.
Codesign Themes
The codesign sessions uncovered several themes that spanned the different levels of interactivity; gamification, multimodal and multisensory interactions, physicality, system of extras, rules for preferences, democratization and fairness, and distinct spaces and transitions between audience and performers.
iv Figure 2 . A spectrum of audience interactivity and an overview of how the themes presented across different levels of the spectrum.
In Figure 2 , these themes were mapped onto the spectrum, showing whether themes were discussed when designing the different types of interaction. For instance, distinct spaces between audiences and performers (shown as a yellow line) was theme that was prevalent through different degrees of interaction; however, the gamification theme (shown in orange) only appeared during "audience influencing performers" and "audience becoming performers." Mapping these themes to the spectrum of interactivity was a preliminary attempt to articulate the complexity of interactivity's dimensions.
LEVELS OF INTERACTIVITY
The primary goal of this work was to ascertain whether the spectrum of audience interactivity developed using prior work in the children's codesign sessions [94] adequately described the range of audience interactions across other performative entertainment domains. The following section relates insight from the codesign sessions to literature and feedback from experts in three domains representative of diverse audiences, interaction modalities, and performance spaces.
The section is organized by the levels of the original spectrum [94] ; however, we took great care ensure that our review did not not discriminate in favor of this design. To ensure an unbiased review, our literature search first broadly gathered insight from the three domains, then categorized them by levels, and our expert interviews used open-ended questions prior to showing experts the spectrum for explicit feedback. Insights that did not fit into a pre-existing level were organized into an additional section called Additional Findings, which gave us insight into the ways the original spectrum did not address interactivity in the three domains.
Passive Observations
Traditional performances assume a clear distinction between the role of the audience and performers [11] : audiences do not interact with performers or have a role in the direction of performance or narrative. This corresponds closely to the definition of Cognitive Interactivity described by Zimmerman [109] , as a psychological reader-response with contradictory and emotional interpretations. In line with this definition, multiple experts described seemingly passive experiences as full of interaction. For instance, a theater expert suggested that audience members "edit" perceptions of their experience, choosing to focus on a particular part of a stage or performer.
The literature also suggests that audiences participate in collective emotional experiences such as laughing or holding their breath, which validate their personal experiences; this helps explain why the presence of an audience is essential for a sense of "liveness" [77] . To understand and build on passive engagement, researchers and performers have employed several technologies to sense audience engagement, from simply watching audience expressions, to analyzing gestures and expressions using computer vision techniques [62] .
Interestingly, multiple co-design sessions offered audiences the chance to opt out of interaction, wanted audience members to enjoy performances passively at times, and even decided that some music performances are not meant for interaction. This outcome suggests that passive experiences are as important as interaction, allowing audiences to absorb, appreciate, and reflect on the details of a performance, which is supported by psychology literature on interactive film [105] .
Personalization
Personalization in interactivity describes tailoring experiences to audience preferences, tastes, or capabilities. Our codesign sessions repeatedly expressed the need to acknowledge audience members' personal interaction preferences with the same sense of significance as fairness and democratization. Codesign groups also designed personal interactions for audience members; for instance, in session 1, a group designed an earbud-hat for audiences to contribute to a piano performance in a way that only they could hear.
Theme parks fully embrace personalized experiences in order to fully immerse audiences in fantastical worlds [61] ; guests can meet characters [43] , and personally experience narratives [82] [18]; for instance, at the Wizarding World of Harry Potter, guests can be 'chosen' by a wand at Olivander's wand shop, reminiscing over a scene from the first book in the series [79] . Expert interviews further elaborated that audiences personalized experiences as they moved through space; for instance, a theater expert described that an outdoor interpretation of v Swan Lake empowered audience members to "become documentarian[s]. . . start taking photos. . . [and] climbing up on top of things." Paralleling these physical experiences, recent advances in augmented and mixed reality technologies have likewise allow for games to be personalized to the players location [3, 55] , abilities [100, 85] , and preferences [97] .
Codesign sessions also designed for "personalized extras," clothing and prizes that allowed audiences to personalize performances for themselves. For instance, in the first session, a group saw value in "dressing up" for the show, a parallel to a performer putting on a costume. Using dress to personalize experiences is heavily paralleled in literature; Eicher's theory describes dressing up in fantasy costumes as a communication of the secret self, where the bulk of fantasy interactions takes place [25, 32] . Miller proposes a construct of fantastic socialization, where individuals play unrealized roles "constructed only with the cooperative help. . . and the contrasting foil provided by others" [37, 66] . Fron et al. define such personalization as a co-performative act with other spectators, gaining pleasure from the ingenuity and artistry that go into creating one's persona and costume [6, 32, 43] . This style of personalization can be seen at contemporary American cultural festivals such as DragonCon [32] and also reflects Zimmerman's "meta-interactivity" mode [109] .
Influencing Performance
The influencing performance level describes indirect interactivity with performance. Examples include audience members calling scenarios during improv sketches [1] or visual voting systems [101] . However, while these interaction systems are popular, theater literature suggests that they are often asynchronous or inequitable [51] , prioritizing choices of audience members' closers to the stage [16] or in positions of power [68] . Technical advancements have helped support democratic influence over voting. In an early example, audiences at 1967 World's Fair in Montreal voted on alternative endings to a film [2], and more more recent work in computer science has integrated real time audience interaction into algorithmic and computer-assisted musical composition [31] . Technical advancements in planning-based story generation [14] have also helped support democratic influence over narrative; For instance, the play Coffee! A Misunderstanding, allowed audiences to vote on dialogue that players read out during performances [90] . Less interactive audiences could even influence interactions between 'immersionist' audiences and performers in what a game expert described as an "augmented radio play," where a larger audience watched and directed a one-on-one interactive experience between an audience member and performer. Although the play was a success, the game designer cautioned that alternating between passive and interactive audience roles could negate the effectiveness of interactivity; they described previous experiences where audience members transitioning to passive roles would disengage and disrupt the performance by talking.
As well as influencing dialogue, codesign groups considered how audiences could influence different sensory modalities; one group wanted to control wind gusts to lift a bride's veil, another wanted to tickle a performer with remote controlled feathers. Codesign session also explored multimodal means of influence; groups proposed using hand gestures to change sound effects, throwing tokens on-stage to get better seats, clapping to control volume, and waving LED pompoms to conduct musicians. This is supported by literature suggesting that multiple senses may help learners process information more efficiently [86] , increasing the likelihood of immersion [69, 44] .
Augmenting Performance
Augmenting performance refers to audience members contributing to an experience without explicitly becoming performers. In our codesign sessions, we found that groups designed tangible technologies such as interactive hats, hand sensors, and palm pushbuttons that could interface with the musical performance. Groups transformed both music and feedback into experiences that could be manipulated with tangible technologies. For instance, one group suggested creating tangible "sound chips," discrete bits of music that audiences could append to performance melodies. This is mirrored in literature with street performances encouraging audiences to add to the performance [96] or in music improv where audience members may generate feedback through dance and other movements [71] .
Research in computer music likewise suggests that audiences can augment performances by adopting a compositional role.
Winkler notes that interactive music can be used to "create new musical relationships" between audience and performers [107] ; for instance, McAllister [60] allow audience members to interact and add to a digital score synced to a real time display that musicians can read. Literature suggests that this compositional relationship between audience and performers can be asynchronous; for instance, van Troyer [103] describes an interface for audiences to co-create asynchronously with composers, drawing 'constellations' that change the arrangement of musical materials. Similar examples exist in interactive fiction design. For instance, Machado [56] describes a storytelling environment, "Once Upon A Time", that develop characters, story themes and narratives out interactions with children.
Although not represented well in the literature, codesign groups also saw value in crafting a community artifact as part of, or as a result of, performance. For instance, a group wanted audience members to augment a performance by throwing paint balls at a blank canvas on stage. As well as adding to the ambiance of an experience, this suggests a desire to engage in experiences that transcend performance.
Bi-directional Influence
Both physical and digital interactive performances lean heavily on the affordances of bi-directional interaction. For instance, gospel music uses call-and-response between performers and audiences to nudge democratic participation [70] , and computational narratives personalize player experiences by iteratively tracking and adapting narrative scheduling to player pacing [4] . Similar research has produced a virtual dance partner that improvises dance moves based on audience actions [44] , vi and a narrative agent that respond to audience gestures with dialogue [72] .
As well responding to each other, some literature characterizes bidirectional interactions as 'pushing and pulling' between audiences and performers. For instance Rickman [78] describes a text narrative system in which selecting words to reveal additional information that describes an object or action in turn drives the narrative forward [15] . Similar to this idea, codesign groups employed bidirectional multisensory feedback; one group created a game where players could fall into ice water, and another allowed performers to influence the type of food audience members had available during the show.
The research also suggests that bi-directionality many not be intentional. For instance, Van Maanen [102] describes how at Disney World, guests and cast members cyclically affect each other's emotions; cast-members are required to smile, however guests not smiling or waving back can ruin an operator's day. This example suggests that designers should consider the effects of, and sometimes temper, bi-directionality in performance; one expert described a cautionary tale of a military-trained participant who unintentionally subverted the interaction experience by refusing to adopt a cover story that was part of his character. Although there was no way to predict how the player would respond, the expert emphasized the importance of giving audience members a feeling of agency while constraining them within appropriate interactions.
Audience Becoming Performers
During the third codesign session, the team jointly designed a democratized performance experience where a video camera recorded audience members playing air guitar from their seats, and audience members took turns playing on stage with performers. During this session, team members collectively designed a fair experience that allowed all audience members to participate, but did not uncomfortably put pressure on those that did not want to participate. This session illustrates the social co-creation theme of this level of interactivity; the literature describes several experiences that used interactive co-creation to positively link performance to self-esteem [71] , and helped audiences make sense of and appreciate complex arts [70] . For instance, Hyperscore [29] , a graphical sketchpad for novice composers, helped bridge the music notation knowledge gap, and music video games like Guitar Hero helped bridge the skill gap [7] .
In contrast to theater, games are predominantly a performative domain in which audiences dually function as players and audiences members [89] . As well driving narrative, experts suggested that games are imbued with spectatorship because they have a "foreground of watching;" for instance, a game design expert described multiplayer LARPS (live-action role playing games) as performative, and another expert described a game in which players "felt like they had to perform, even [for] a friend." To mitigate the negative consequences of spectatorship, a games and narrative expert suggested increasing a player's separation from their character; they explained that playing role in which the character has to impersonate a second character insulates players from embarrassment be-cause players could attribute mistakes to their character, not themselves.
Additional Findings
The literature and expert interviews suggest that a new level of interactivity exists between personalization and reacting to performance. Rather than affecting their personal experience or reacting to the performance, audiences at this level react to one another; for instance, an audience member could decide to clap for a performance when others clap. This supports literature suggesting that audience members constructively play off each other during teamwork, conflict management, and negotiations [73] .
The literature also describes this phenomenon throughout theater, games, and theme parks as a learning tool; for instance, at Wizarding World of Harry Potter, theme park goers watch other guests to learn the mechanics of 'casting a spell' using an interactive wand [13, 50] . This experience is characterized by Reeves as an entertainment and teaching experience [77] that allows audiences to study interaction while waiting their turn.
DISCUSSION
The goal of this work is to inform the redesign of the spectrum of interactivity through codesign sessions, literature review and expert interviews. The discussion considers the validity and redesign of the spectrum based a literature review and expert interviews, and provides insights into the overarching themes, patterns and commonalities found through the different levels of interactivity that emerged over the research process.
Substantiating and Informing the Spectrum Design
A primary goal of this work was to ascertain whether the spectrum, originally developed with children for musical experiences, could adequately describe the many types of interactions that exist across performative entertainment domains. Our research suggests that a spectrum does exist; Not only did the codesign sessions, and literature map well to the existing spectrum structure, but so did all experts comments on the existing different types of interactivity within their domains. Further, two experts (one theater and one game designer) described interactions on "a continuum;" the theater expert described a range of "agency that the performer grants an audience" whereas the game designer described a continuum of "directorial roles," in line with Samuel's work [81] .
We found that each domain had certain levels of interactivity were more prominent over the others. For instance, theater and music predominantly used interactivity to influence and augment the performance [107, 90, 104] , games centered around audience as performers [85, 59] , and theme parks incorporated personalization and bidirectional influence in their experiences [102, 82] . Experts in the different domains also debated the range of the spectrum; for instance, an interactive music composer felt that most audience interactivity would fall on the passive end of the spectrum because interactive moments "were dangerous. . . to control," while a game vii designer suggested the opposite, that interactivity in games "starts at 4 (audience influencing performers As well as considering the range, directed feedback from experts on the spectrum suggested that the levels of interactivity needed to be reconsidered. Specifically, experts questioned the placement of (1) "Personalization," (2) "Reaction to Performance," and (6)"Augmenting the Audience's Multisensory Experience" on the spectrum, and a theme park expert suggested that reaction to performance was a baseline experience, "because you...can't stop people from reacting." Likewise, several experts found (7)" augmenting the audience's multisensory experience" a difficult concept to understand, but understood an elaborated explanation; this level responds to audience reactions bidirectionally. Finally, experts identified gaps within the spectrum; two experts suggested creating a category where audience members affected other audience members, but not performers, while another recommended that the spectrum should reconsider the audience becoming performers level. "Are [they] determining their own lines?" the expert asked, clarifying that "there are a lot of shows where people get pulled up on a stage, but they're not actually determining anything."
Findings also advocated for additional dimensions to moderate that the spectrum; during the interviews, experts questioned the meaning of interactivity, asking whether it referenced to "physical presence on stage versus autonomy or agency?" or control over the "explicit shared experience." A theater designer posited that interactivity could have multiple dimensions, such as control over the narrative, design, linearity of experience, or control over specific elements of design [28, 52, 36, 9, 77] . Rather than defining interactivity across dimensions, another expert offered an alternative, that different domains might ascribe to different definitions of interactivity.
OVERVIEW OF NEW SPECTRUM FRAMEWORK
The combined codesign sessions, literature review and expert interviews informed the design of the new spectrum of audience interactivity. Shown in figure 4 , the new spectrum introduces an framework for audience spheres of influence, presents the new spectrum mapped to the spheres of influence, and characterizes interactivity dimensions orthogonal to the spectrum.
Spheres of Audience Influence
The experts' divergent interpretations of interactivity provoked us to develop a framework with which to define the new spectrum. This framework, the Spheres of Audience Influence is presented in figure 3 . Audiences are the focus of the spectrum, Figure 3 . The audience spheres of influence used to describe the spectrum of audience interactivity. The innermost sphere of influence is over yourself, other audience members, performers, and finally the performance.
so the framework defines interactivity by the extent to which an audience member affects others around him; in the innermost circle, audience members influence their own experience, in the second circle they influence other audience members, in the third circle they influence performers, and in the outermost circle, they influence the larger performance. The spheres are nested, so each circle adds to an individual audience member's layer of influence. In this way, an audience member influencing the performance also influences performers, other audience members and themselves.
Description of the new Spectrum
Presented in figure 4 , the new Spectrum of Interactivity responds to the literature and experts feedback with expanded and clarified levels mapped to the spheres of audience influence. Similar to the original spectrum, 1) passive observation and 2) personalization are least interactive on the spectrum because audience members affect only their personal experience. More interactive is 3) audiences reacting to each other, which falls into the second innermost circle. For instance, YouTube viewers could upvote or comment on a video they are watching. In 4) audience members react to the performance, adding influence over the performers, and in 5) influencing performers, they exert indirect control over the performance experience. For example, virtual audiences watching a Twitch stream could suggest a way for a streamer to solve a puzzle. In contrast to 5, audience members in 6) augment the overall performance experience without explicitly becoming performers, such as by deciding to dance to music at a rock concert. In 7) bidirectional influence between audience and performers, performers explicitly respond back to audience's influence or reactions, such as Mickey Mouse waving back to a child at Disney World. Levels 8) audience members become performers and 9) audience members take over the performance both give audience members an explicit role in the performance but in the former, performers are in control, and in the latter, audiences take control of the performance. Audience members sing along with a choir would become performers, whereas an audience member invited to perform karaoke would take over the performance. In order to fully describe the different dimensions of interactivity, we developed a set of orthogonal dimensions that complement the spectrum of interactivity. These dimensions lie on a parallel coordinate chart, which is commonly used to visualize multivariate data with high dimensional geometry to find patterns in the data [42] [34] . To show a pattern in a set of data elements with n-dimensions, the chart typically contains n lines, typically vertical and equally spaced out. The data element is represented by polylines or connected points with vertices on the parallel axes.
The orthogonal (or parallel) dimensions for the spectrum are presented and described in figure 5 . Our goal was to construct a simple way of representing these dimensions, so they are mapped to ordinal scales on the vertical axes as binary or as ternary representations ordered from least to most interactive according to theater interactivity; 0 represents a less interactive theater experience relative to 1 and 2.
The orthogonal dimensions are grouped by themes that emerged from spectrum findings, including space and distance, physicality, control, focus, and interactivity. The space and distance category asks whether the distance between performers (1) and audiences members (2) was large or small, whether performers and audiences were separated (3), and whether transitioning between being and audience and performer was difficult or easy (4) to support literature suggesting that proximity of groups affects the interaction experience [65, 73] . Designing for multiple senses was also a theme that emerged through this research; the physicality dimension (5) asks whether the experience was primarily physical, physical and virtual, or primarily virtual. Control was also an important parallel dimension; (6) ascertained whether audience members felt no control, some control, or felt fully in control, how much control they had over performance events (7) and their movement through space (8) . The focus of attention category (9) addressed the focus of the influence as being inward, inward and outward or outward. Finally, the interactivity category (1) asks whether interactivity was generated by audience members or performers.
Mapping Orthogonal Dimensions to the Spectrum
The orthogonal dimensions are presented with the spectrum of interactivity so that they can be mapped onto one another; artists can use these dimensions to help them design an interactive experience, and researchers may use this work to look for patterns in interactivity. Figure 5 maps an interactive play called Tamara [99] to the orthogonal dimension and spectrum; during the show, audience members follow a performer through their narrative. The mapping was performed by one of the coauthors, who experienced the play as an audience member. In Tamara, performers and audiences occupied a large space relative to each other (1)(2), however the audience and performers were not separated (3), and the play was entirely physical (4) . Audience members felt some control over their experience (5) , had no control over events (6) , and some control over their movement through space (7) . Audience interactivity was focused inward, affecting only their personal experience (8) , and interactivity was generated by audience members rather than performers (9) . In tandem with the dimensions, the play was mapped to 2 (personalizing experience) on the spectrum of interactivity.
CONCLUSIONS
The goal of the spectrum was to explicitly characterize the many ways in which audiences can interact across a range of performative domains. The spectrum aims to be a useful resource for researchers, designers, and artists in entertainment interactivity to consider opportunities for interactivity. While the spectrum aspires to be comprehensive, edge cases that do not fully map to the spectrum undoubtedly exist. Since new tools and new media continually reshape the interactivity landscape, we consider such cases to be good fodder for discussion, allowing us to better understand new forms of interactivity. Figure 5 . A parallel coordinate chart mapping the orthogonal spectrum dimensions with the spectrum of interactivity. An example performance, Tamara, is mapped across the different dimensions.
Practitioner Takeaways
Multiple themes emerged from our research that should be considered by practitioners. Practitioners should thoughtfully design for interactivity, anticipate audience challenges, and support multiple levels of interactivity spectrum.
Thoughtfully Design Interactive Experiences
Our finding suggests that interactivity should have an explicit purpose. For instance, emergent forms of theater connect audiences with narrative and characters by reshaping the physical space [104] , giving them a role [93, 83] , and helping them overcome knowledge gaps and traditional barriers [47] . Designers should thoughtfully consider the purpose of interactivity and reasons for technological choices.
Anticipate Audience Challenges
Literature and expert interviews described multiple challenges of supporting audience interactions, such as making audiences feel comfortable, and building technology to withstand use. A transmedia expert expressed that interactivity has a ''contract of care...
[to] prevent [audiences] from feeling pressured or secluded," and a theme park designer summarized the challenges of building interactions in an unsupervised space, "you need to...design a fun physical experience...that people can't break." Design should thus anticipate challenges that may arise from interactivity.
Support Multiple Levels of Interactivity
This paper describes how interactive experiences can be mapped to discrete levels of the spectrum, however experiences can support multiple levels of interactivity. The literature suggests that diverse audiences seek different levels of participation [48] , such as observers, passive performers, and active performers [61] . For instance, theme parks primarily cater to families with young children, but must consider the needs of older demographics who may not enjoy experiences that thrill young adults [61, 61, 82] . Practitioners should thus consider whether multiple levels of interactivity may most effectively address their design goals.
Limitations and Future Work
This research presents a redesign of the spectrum of interactivity, however this is an early effect to characterize the many dimensions of audience interactivity. The spectrum does not endeavor to describe audience interactivity from the perspective of the performer, which may have unique interactivity characteristics and dimensions, or describe audience characteristics (e.g. culture, size and location), although they may affect interactivity.
Future work will validate the clarity, precision, and effectiveness of the spectrum and orthogonal dimensions with audiences and experts in a range of domains. Since people do not make consistent qualitative judgments [84] , we will also test inter-rater reliability within performances. In addition to validating the spectrum, we plan to ask artists and designers to rate their projects on our spectrum to identify interactivity trends and gaps.
